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BIOENGINEERED FLAT SHEET GRAFT PROSTHESES 

1. Field of the Invention: 

5 This invention is in the field of tissue engineering. The invention is directed to 

bioengineered graft prostheses prepared from cleaned tissue material derived from animal 
sources. The bioengineered graft prostheses of the invention are prepared using methods that 
preserve cell compatibility, strength, and bioremodelability of the processed tissue matrix. 
The bioengineered graft prostheses are used for implantation, repair, or for use in a 
10 mammalian host. 

2. Brief Description of the Background of the Invention: 

The field of tissue engineering combines the methods of engineering with the 
principles of life science to understand the structural and functional relationships in normal 
and pathological mammalian tissues. The goal of tissue engineering is the development and 
15 ultimate application of biological substitutes to restore, maintain, and improve tissue 
functions. 

Collagen is the principal structural protein in the body and constitutes approximately 
one-third of the total body protein. It comprises most of the organic matter of the skin, 
tendons, bones, and teeth and occurs as fibrous inclusions in most other body structures. 

20 Some of the properties of collagen are its high tensile strength; its low antigenicity, due in part 
to masking of potential antigenic determinants by the helical structure; and its low 
extensibility, semipermeability, and solubility. Furthermore, collagen is a natural substance 
for cell adhesion. These properties and others make collagen a suitable material for tissue 
engineering and manufacture of implantable biological substitutes and bioremodelable 

25 prostheses. 

Methods for obtaining collagenous tissue and tissue structures from explanted 
mammalian tissues and processes for constructing prosthesis from the tissue, have been 
widely investigated for surgical repair or for tissue or organ replacement. It is a continuing 
goal of researchers to develop prostheses that can successfully be used to replace or repair 
30 mammalian tissue. 

SUMMARY OF THE INVENTION 
Biologically-derived collagenous materials such as the intestinal submucosa have been 
proposed by a many of investigators for use in tissue repair or replacement. Methods for 
mechanical and chemical processing of the proximal porcine jejunum to generate a single, 
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acellular layer of intestinal collagen (ICL) that can be used to form laminates for bioprosthetic 
applications are disclosed. The processing removes cells and cellular debris while 
maintaining the native collagen structure. The resulting sheet of processed tissue matrix is 
used to manufacture multi-layered laminated constructs with desired specifications. We have 
5 investigated the efficacy of laminated patches for soft tissue repair as well as the use of 
entubated ICL as a vascular graft. This material provides the necessary physical support, 
while generating minimal adhesions and is able to integrate into the surrounding native tissue 
and become infiltrated with host cells. In vivo remodeling does not compromise mechanical 
integrity. Intrinsic and functional properties of the implant, such as the modulus of elasticity, 
10 suture retention and UTS are important parameters which can be manipulated for specific 
requirements by varying the number of ICL layers and the crosslinking conditions. 

DETAILED DESCRIPTION OF THE INVENTION 
This invention is directed to a tissue engineered prostheses, which, when implanted 

15 into a mammalian host, can serve as a functioning repair, augmentation, or replacement body 
part or tissue structure, and will undergo controlled biodegradation occurring concomitantly 
with remodeling by the host's cells. The prosthesis of this invention, when used as a 
replacement tissue, thus has dual properties: First, it functions as a substitute body part, and 
second, while still functioning as a substitute body part, it functions as a remodeling template 

20 for the ingrowth of host cells. In order to do this, the prosthetic material of this invention is a 
processed tissue matrix developed from mammalian derived collagenous tissue that is able to 
be bonded to itself or another processed tissue matrix to form a prosthesis for grafting to a 
patient. 

The invention is directed toward methods for making tissue engineered prostheses 
25 from cleaned tissue material where the methods do not require adhesives, sutures, or staples to 
bond the layers together while maintaining the bioremodelability of the prostheses. The terms 
"processed tissue matrix" and "processed tissue material" mean native, normally cellular 
tissue that has been procured from an animal source, preferably a mammal, and mechanically 
cleaned of attendant tissues and chemically cleaned of cells, cellular debris, and rendered 
30 substantially free of non-collagenous extracellular matrix components. The processed tissue 
matrix, while substantially free of non-collagenous components, maintains much of its native 
matrix structure, strength, and shape. Preferred compositions for preparing the bioengineered 
grafts of the invention are animal tissues comprising collagen. Collagenous tissue sources 
including, but not limited to: intestine, fascia lata, pericardium, dura mater, and other flat or 
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planar structured .tissues that comprise a collagenous tissue matrix. The structure of these 
tissue matrices makes them able to be easily cleaned, manipulated, and assembled in a way to- 
prepare the bioengineered grafts of the invention. Other suitable sources with the same flat 
structure and matrix composition may be identified, procured and processed by the skilled 
5 artisan in other animal sources in accordance with the invention. 

A more preferred composition for preparing the bioengineered grafts of the invention 
is an intestinal collagen layer derived from the tunica submucosa of small intestine. Suitable 
sources for small intestine are mammalian organisms such as human, cow, pig, sheep, dog, 
goat, or horse while small intestine of pig is the preferred source. 

10 The most preferred composition for preparing the prosthesis of the invention is a 

processed intestinal collagen layer derived the tunica submucosa of porcine small intestine. 
To obtain the processed ICL, the small intestine of a pig is harvested and attendant mesenteric 
tissues are grossly dissected from the intestine. The tunica submucosa is preferably separated, 
or delaminated, from the other layers of the small intestine by mechanically squeezing the raw 

15 intestinal material between opposing rollers to remove the muscular layers (tunica muscularis) 
and the mucosa (tunica mucosa). The tunica submucosa of the small intestine is harder and 
stiffer than the surrounding tissue, and the rollers squeeze the softer components from the 
submucosa. In the examples that follow, the tunica submucosa was mechanically harvested 
from porcine small intestine using a Bitterling gut cleaning machine and then chemically 

20 cleaned to yield a cleaned tissue matrix. This mechanically chemically cleaned intestinal 
collagen layer is herein referred to as "ICL". 

The processed ICL is essentially acellular telopeptide collagen, about 93% by dry 
weight, with less than about 5% dry weight glycoproteins, glycosaminoglycans, 
proteoglycans, lipids, non-collagenous proteins and nucleic acids such as DNA and RNA and 

25 is substantially free of cells and cellular debris. The processed ICL retains much of its matrix 
structure and its strength. Importantly, the bioremodelability of the tissue matrix is preserved 
in part by the cleaning process as it is free of bound detergent residues that would adversely 
affect the bioremodelability of the collagen. Additionally, the collagen molecules have 
retained their telopeptide regions as the tissue has not undergone treatment with enzymes 

30 during the cleaning process. 

The processed tissue layers of the prosthetic device may be from the same collagen 
material, such as two or more layers of ICL, or from different collagen materials, such as one 
or more layers of ICL and one or more layers of fascia lata. 
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The processed tissue matrices may be treated or modified, either physically or 
chemically, prior to fabrication of a bioengineered graft prosthesis. Physical modifications- 
such as shaping, conditioning by stretching and relaxing, or perforating the cleaned tissue 
matrices may be performed as well as chemical modifications such as binding growth factors, 
5 selected extracellular matrix components, genetic material, and other agents that would affect 
bioremodeling and repair of the body part being treated, repaired, or replaced. 

As ICL is the preferred starting material for the production of the bioengineered graft 
prostheses of the invention, the methods described below are the preferred methods for 
producing bioengineered graft prostheses comprising ICL. 

10 In the most preferred embodiment, the tunica submucosa of porcine small intestine is 

used as a starting material for the bioengineered graft prosthesis of the invention. The small 
intestine of a pig is harvested, its attendant tissues removed and then mechanically cleaned 
using a gut cleaning machine which forcibly removes the fat, muscle and mucosal layers from 
the tunica submucosa using a combination of mechanical action and washing using water. 

15 The mechanical action can be described as a series of rollers that compress and strip away the 
successive layers from the tunica submucosa when the intact intestine is run between them. 
The tunica submucosa of the small intestine is comparatively harder and stiffer than the 
surrounding tissue, and the rollers squeeze the softer components from the submucosa. The 
result of the machine cleaning was such that the submucosal layer of the intestine solely 

20 remained. 

After mechanical cleaning, a chemical cleaning treatment is employed to remove cell 
and matrix components, preferably performed under aseptic conditions at room temperature. 
The intestine is cut lengthwise down the lumen and then cut into sections approximately 15 
cm in length. Material is weighed and placed into containers at a ratio of about 100:1 v/v of 

25 solution to intestinal material. In the most preferred chemical cleaning treatment, such as the 
method disclosed in International PCT Application WO 98/49969, the disclosure of which is 
incorporated herein, the collagenous tissue is contacted with a chelating agent, such as 
ethylenediaminetetraacetic tetrasodium salt (EDTA) under alkaline conditions, preferably by 
addition of sodium hydroxide (NaOH): followed by contact with an acid where the acid 

30 contains a salt, preferably hydrochloric acid (HC1) containing sodium chloride (NaCl); 

followed by contact with a buffered salt solution such as 1 M sodium chloride (NaCl)/10 mM 

phosphate buffered saline (PBS); finally followed by a rinse step using water. 

Each treatment step is preferably carried out using a rotating or shaking platform. 

Alter rinsing, the ICL is then removed from each container and the ICL is gently compressed 
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of excess water. At this point, the ICL may be stored frozen at -80 °C, at 4 °C in sterile 
phosphate buffer, or dry until use in fabrication of a prosthesis. If stored dry, the ICL sheets 
are flattened on a surface such as a flat plate, preferably a porous plate or membrane, such as 
a polycarbonate membrane, and any lymphatic tags from the abluminal side of the material 

5 are removed using a scalpel, and the ICL sheets are allowed to dry in a laminar flow hood at 
ambient room temperature and humidity. 

The ICL is a planar sheet structure that can be used to fabricate various types of 
constructs to be used as a prosthesis with the shape of the prosthesis ultimately depending on 
its intended use. To form prostheses of the invention, the sheets must be fabricated using a 

10 method that preserves the bioremodelability of the processed matrix material but also is able 
to maintain its strength and structural characteristics for its performance as a replacement 
tissue. The processed tissue matrix sheets are layered to contact another sheet. The area of 
contact is a bonding region where layers contact. The bonding region must be able to 
withstand suturing and stretching while being handled in the clinic, during implantation and 

15 during the initial healing phase while functioning as a replacement body part until the 
patient's cells populate and subsequently bioremodel the prosthesis to form a new tissue. 

In a preferred embodiment, the prosthetic device of this invention has two or more 
superimposed collagen layers that are bonded together. As used herein, "bonded collagen 
layers" means composed of two or more layers of the same or different collagen material 

20 treated in a manner such that the layers are superimposed on each other and are sufficiently 
held together by self-lamination and chemical linking. 

For instance, a multilayer construct of ICL is used to repair body wall structures. It 
may also be used as, for example, a pericardial patch, a vascular patch, a bladder wall patch, 
or a hernia repair device or used as a sling to support hypermobile or prolapsed organs. 

25 Furthermore, it may also be implanted flat, rolled, or folded for tissue bulking and 
augmentation. A number of layers of ICL may be incorporated in the construct for bulking or 
strength indications. Before implantation, the layers may be further treated or coated with 
collagen or other extracellular matrix components, hyaluronic acid, heparin, growth factors, 
peptides, or cultured cells. 

30 The preferred embodiment of the invention is directed to flat sheet prostheses, and 

methods for making and using flat sheet prostheses, comprising of two or more layers of ICL 
bonded and crosslinked for use as an implantable biomaterial capable of being bioremodeled 
by a patient's cells. Due to the flat sheet structure of ICL, the prosthesis is easily fabricated to 
comprise any number of layers, preferably between 2 and 10 layers, more preferably between 
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2 and 6 layers, with the number of layers depending on the strength and bulk necessary for the 
final intended use of the construct. The ICL has structural matrix fibers that run in the same 
general direction. When layered, the layer orientations may be varied to leverage the general 
tissue fiber orientations in the processed tissue layers. The sheets may be layered so the fiber 

5 orientations are in parallel or at different angles. Layers may also be superimposed to form a 
construct with continuous layers across the area of the prosthesis. Alternatively, as the 
ultimate size of a superimposed arrangement is limited by the circumference of the intestine, 
the layers may be staggered, in collage arrangement to form a sheet construct with a surface 
area larger than the dimensions of the starting material but without continuous layers across 

10 the area of the prosthesis. Complex features may be introduced such as a conduit or network 
of conduit or channels running between the layers or traversing the layers, for example. 

In the fabrication of a multilayer construct comprising ICL, an aseptic environment 
and sterile tools are preferably employed to maintain sterility of the construct when starting 
with sterile ICL material. To form a multilayer construct of ICL, a first sterile rigid support 

15 member, such as a rigid sheet of polycarbonate, was laid down in the sterile field of a laminar 
flow cabinet. If the ICL sheets are still not in a hydrated state from the mechanical and 
chemical cleaning processes, they are hydrated in aqueous solution, such as water or 
phosphate buffered saline. ICL sheets are blotted with sterile absorbent cloths to absorb 
excess water from the material. If not yet done, the ICL material is trimmed of any lymphatic 

20 tags on the serosal surface, from the abluminal side. A first sheet of trimmed ICL is laid on 
the polycarbonate sheet and is manually smoothed to the polycarbonate sheet to remove any 
air bubbles, folds, and creases. A second sheet of trimmed ICL is laid on the top of the first 
sheet, again manually removing any air bubbles, folds, and creases. This is repeated until the 
desired number of layers for a specific application is obtained, preferably between 2 and 10 

25 layers. 

The ICL has a sidedness quality from its native tubular state: an inner mucosal surface 
that faced the intestinal lumen in the native state and an opposite outer serosal surface that 
faced the ablumen. It has been found that these surfaces have characteristics that can affect 
post-operative performance of the prosthesis but can be leveraged for enhanced device 
30 performance. Currently with the use of synthetic devices, adhesion formation may necessitate 
the need for re-operation to release the adhesions from the surrounding tissue. In the 
formation of a pericardial patch or hernia repair prosthesis having two layers of ICL, it is 
preferred that the bonding region of the two layers is between the serosal surfaces as the 
mucosal surfaces have demonstrated to have an ability to resist postoperative adhesion 
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formation alter implantation. In other embodiments, it is preferred that one surface of the ICL 
patch prosthesis be non-adhesive and the other surface have an affinity for adhering to host 
tissue. In this case, the prosthesis will have one surface mucosal and the other surface serosal. 
In still another embodiment, it is preferred that the opposing surfaces be able to create 
5 adhesions to grow together tissues that contact it on either side, thus the prosthesis will have 
serosal surfaces on both sides of the construct. Because only the two outer sheets potentially 
contact other body structures when implanted, the orientation of the internal layers, if the 
construct is comprised of more than two, is of lesser importance as they will likely not 
contribute to post-operative adhesion formation. 

10 After layering the desired number of ICL sheets, they are then bonded by dehydrating 

them together. While not wishing to be bound by theory, dehydration brings the extracellular 
matrix components, such as collagen fibers, in the layers together when water is removed 
from between the fibers of the matrix. The layers may be dehydrated either open-faced on the 
first support member or, between the first support member and a second support member, 

15 such as a second sheet of polycarbonate, placed before drying over the top layer of ICL and 
fastened to the first support member to keep all the layers in flat planar arrangement together 
with or without a small amount of pressure. To facilitate dehydration, the support member 
may be porous to allow air and moisture to pass through to the dehydrating layers. The layers 
may be dried in air, in a vacuum, or by chemical means such as by acetone or an alcohol such 

20 as ethyl alcohol or isopropyl alcohol. Dehydration may be done to room humidity, between 
about 10% Rh to about 20% Rh, or less; or about 10% to about 20% w/w moisture, or less. 
Dehydration may be easily performed by angling the frame holding the polycarbonate sheet 
and the ICL layers up to face the oncoming airflow of the laminar flow cabinet for at least 
about 1 hour up to 24 hours at ambient room temperature, approximately 20 °C, and at room 

25 humidity. 

While it is not necessary, in the preferred embodiment, the dehydrated layers are 
rehydrated before crosslinking. The dehydrated layers of ICL are peeled off the porous 
support member together and are rehydrated in an aqueous rehydration agent, preferably 
water, by transferring them to a container containing aqueous rehydration agent for at least 
30 about 10 to about 15 minutes at a temperature between about 4 °C to about 20 °C to rehydrate 
the layers without separating or delaminating them. 

The rehydrated bonded layers are then crosslinked together by contacting the layered 
ICL with a crosslinking agent, preferably a chemical crosslinking agent that preserves the 
bioremodelability of the ICL material. As mentioned above, the dehydration brings the 
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extracellular matrix components of adjacent ICL layers together and crosslinking those layers 
together forms chemical bonds between the components to bond the layers. Crosslinking the 
bonded prosthetic device also provides strength and durability to the device to improve 
handling properties. Various types of crosslinking agents are known in the art and can be 
5 used such as ribose and other sugars, oxidative agents and dehydrothermal (DHT) methods. 
A preferred crosslinking agent is l-ethyI-3-(3-dimethylaminopropyI) carbodiimide 
hydrochloride (EDC). In an another preferred method, sulfo-N-hydroxysuccinimide is added 
to the EDC crosslinking agent as described by Staros, J.V., Biochem. 21, 3950-3955, 1982. 
Besides chemical crosslinking agents, the layers may be bonded together with fibrin-based 

10 glues or medical grade adhesives such as polyurethane, vinyl acetate or polyepoxy. In the 
most preferred method, EDC is solubilized in water at a concentration preferably between 
about 0.1 mM to about 100 mM, more preferably between about 1.0 mM to about 10 mM, 
most preferably at about 1.0 mM. Besides water, phosphate buffered saline or (2-[N- 
morpholino]ethanesulfonic acid) (MES) buffer may be used to dissolve the EDC. Other 

15 agents may be added to the solution, such as acetone or an alcohol, up to 99% v/v in water, 
typically 50%, to make crosslinking more uniform and efficient. These agents remove water 
from the layers to bring the matrix fibers together to promote crosslinking between those 
fibers. The ratio of these agents to water in the crosslinking agent can be used to regulate 
crosslinking. EDC crosslinking solution is prepared immediately before use as EDC will lose 

20 its activity over time. To contact the crosslinking agent to the ICL, the hydrated, bonded ICL 
layers are transferred to a container such as a shallow pan and the crosslinking agent gently 
decanted to the pan ensuring that the ICL layers are both covered and free-floating and that no 
air bubbles are present under or within the layers of ICL constructs. The container is covered 
and the layers of ICL are allowed to crosslink for between about 4 to about 24 hours, more 

25 preferably between 8 to about 16 hours at a temperature between about 4 °C to about 20 °C. 
Crosslinking can be regulated with temperature: At lower temperatures, crosslinking is more 
effective as the reaction is slowed; at higher temperatures, crosslinking is less effective as the 
EDC is less stable. 

After crosslinking, the crosslinking agent is decanted and disposed of and the 
30 constructs are rinsed in the pan by contacting them with a rinse agent to remove residual 
crosslinking agent. A preferred rinse agent is water or other aqueous solution. Preferably, 
sufficient rinsing is achieved by contacting the chemically bonded construct three times with 
equal volumes of sterile water for about five minutes for each rinse. Using a scalpel and ruler, 
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constructs are trimmed to the desired size: a usable size is about 6 inches square (approx. 15.2 
cm x 15.2 cm) but any size may be prepared and used for grafting to a patient. 

Constructs are then terminally sterilized using means known in the art of medical 
device sterilization. A preferred method for sterilization is by contacting the constructs with 
5 sterile 0.1% peracetic acid (PA) neutralized with a sufficient amount of 10 N sodium 
hydroxide (NaOH), according to US Patent No. 5,460,962, the disclosure of which is 
incorporated herein. Decontamination is performed in a container on a shaker platform, such 
as 1 L Nalge containers, for about 18 ± 2 hours. Constructs are then rinsed by contacting 
them with three volumes of sterile water for 10 minutes each rinse. 

10 Another preferred sterilization means is by gamma irradiation. Constructs are 

packaged in bags made from material suitable for gamma irradiation and sealed using a 
vacuum sealer, which in turn are placed in hermetic bags for gamma irradiation between 25.0 
and 35.0 kGy. Gamma irradiation significantly, but not detrimentally, decreases Young's 
modulus, ultimate tensile strength, and shrink temperature. The mechanical properties after 

15 gamma irradiation are still sufficient for use in a range of applications and gamma irradiation 
is a preferred means for sterilizing as it is widely used in the field of implantable medical 
devices. 

In still another preferred embodiment, after ICL is reformed into a construct for tissue 
repair or replacement, it may be populated with cells to form a cellular tissue construct 

20 comprising bonded layers of ICL and cultured cells. Cellular tissue constructs can be formed 
to mimic the organs they are to repair or replace. 

Cell cultures are established from mammalian tissue sources by dissociating the tissue 
or by explant method. Primary cultures are established and cryopreserved in master cell 
banks from which portions of the bank are thawed, seeded, and subcultured to expand cell 

25 numbers. To populate an acellular ICL construct with cells, the construct is placed in a 
culture dish or flask and contacted by immersion in media containing suspended cells. 
Because collagen is a natural substance for cell adhesion, cells bind to the ICL construct and 
proliferate on and into the collagenous matrix of the construct. 

Preferred cell types for use in this invention are derived from mesenchyme. More 

30 preferred cell types are fibroblasts, stromal cells, and other supporting connective tissue cells, 

or human dermal fibroblasts. Human fibroblast cell strains can be derived from a number of 

sources, including, but not limited to neonate male foreskin, dermis, tendon, lung, umbilical 

cords, cartilage, urethra, corneal stroma, oral mucosa, and intestine. The human cells may 

include but need not be limited to: fibroblasts, smooth muscle cells, chondrocytes and other 
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connective tissue cells of mesenchymal origin. It is preferred, but not required, that the origin 
of the matrix-producing cell used in the production of a tissue construct be derived from r 
tissue type that it is to resemble or mimic after employing the culturing methods of the 
invention. For instance, a multilayer sheet construct is cultured with fibroblasts to form a 

5 living connective tissue construct: or myoblasts, for a skeletal muscle construct. More than 
one cell type can be used to populate an ICL construct, for example, a tubular ICL construct 
can be first cultured with smooth muscle cells and then the lumen of the construct populated 
with the first cell type is cultured with vascular endothelial cells as a second cell type to form 
a cellular vascular replacement device. Similarly, a urinary bladder wall patch prosthesis is 

10 prepared on multilayer ICL sheet constructs using smooth muscle cells as a first cell type and 
then urinary endothelial cells as a second cell type. Cell donors may vary in development and 
age. Cells may be derived from donor tissues of embryos, neonates, or older individuals 
including adults. Embryonic progenitor cells such as mesenchymal stem cells may be used in 
the invention and induced to differentiate to develop into the desired tissue. 

15 Although human cells are preferred for use in the invention, the cells to be used in the 

method of the are not limited to cells from human sources. Cells from other mammalian 
species including, but not limited to, equine, canine, porcine, bovine, ovine, and murine 
sources may be used. In addition, cells that are genetically engineered by spontaneous, 
chemical,, or viral transfection may also be used in this invention. For those embodiments 

20 that incorporate more than one cell type, mixtures of normal and genetically modified or 
transfected cells may be used and mixtures of cells of two or more species or tissue sources 
may be used, or both. 

Recombinant or genetically-engineered cells may be used in the production of the cell- 
matrix construct to create a tissue construct that acts as a drug delivery graft for a patient 

25 needing increased levels of natural cell products or treatment with a therapeutic. The cells 
may produce and deliver to the patient via the graft recombinant cell products, growth factors, 
hormones, peptides or proteins for a continuous amount of time or as needed when 
biologically, chemically, or thermally signaled due to the conditions present in the patient. 
Cells may also be genetically engineered to express proteins or different types of extracellular 

30 matrix components which are either 'normal' but expressed at high levels or modified in some 
way to make a graft device comprising extracellular matrix and living cells that is 
therapeutically advantageous for improved wound healing, or facilitated or directed 
neovascularization. These procedures are generally known in the art, and are described in 
Sambrook et al, Molecular Cloning. A Labora tory Manual. Cold Spring Harbor Press, Cold 

10 
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Spring Harbor, NY (1989), incorporated herein by reference. All of the above-mentioned 
types of cells may be used in this invention for the production of a cellular tissue construct- 
formed from an acellular construct formed from bonded ICL layers. 

The prostheses of this invention, functioning as a substitute body part, may be flat, 
tubular, or of complex geometry. The shape of the formed prosthesis will be decided by its 
intended use. Thus, when forming the bonding layers of the prosthesis of this invention, the 
mold or plate support member can be fashioned to accommodate the desired shape. The flat 
multilayer prostheses can be implanted to repair, augment, or replace diseased or damaged 
organs, such as abdominal wall, pericardium, hernias, and various other organs and structures 
including, but not limited to, bone, periosteum, perichondrium, intervertebral disc, articular 
cartilage, dermis, bowel, ligaments, and tendons. In addition, the flat multilayer prostheses 
can be used as a vascular or intra-cardiac patch, or as a replacement heart valve. 

Flat sheets may also be used for organ support, for example, to support prolapsed or 
hypermobile organs by using the sheet as a sling for the organs, such as bladder or uterus. 
Tubular prostheses may be used, for example, to replace cross sections of tubular organs such 
as vasculature, esophagus, trachea, intestine, and fallopian tubes. These organs have a basic 
tubular shape with an outer surface and an inner luminal surface. In addition, flat sheets and 
tubular structures can be formed together to form a complex structure to replace or augment 
cardiac or venous valves. 

The bioengineered graft prostheses of the invention may be used to repair or replace 
body structures that have been damaged or diseased in host tissue. While functioning as a 
substitute body part or support, the prosthesis also functions as a bioremodelable matrix 
scaffold for the ingrowth of host cells. "Bioremodeling" is used herein to mean the 
production of structural collagen, vascularization, and cell repopulation by the ingrowth of 
host cells at a rate about equal to the rate of biodegradation, reforming and replacement of the 
matrix components of the implanted prosthesis by host cells and enzymes. The graft 
prosthesis retains its structural characteristics while it is remodeled by the host into all, or 
substantially all, host tissue, and as such, is functional as an analog of the tissue it repairs or 
replaces. 

Young's Modulus (MPa) is defined as the linear proportional constant between stress 
and strain. The Ultimate Tensile Strength (N/mm) is a measurement of the strength across the 
prosthesis. Both of these properties are a function of the number of layers of ICL in the 
prosthesis. When used as a load bearing or support device, it should be able to withstand the 
rigors of physical activity during the initial healing phase and throughout remodeling. 
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Lamination strength of the bonding regions is measured using a peel test. 
Immediately following surgical implantation, it is important that the layers not delaminate- 
under physical stresses. In animal studies, no explanted materials showed any evidence of 
delamination. Before implantation, the adhesion strength between two opposing layers is 
5 about 8. 1 ± 2. 1 N/mm for a ImM EDC crosslinked multilayer construct. 

Shrink Temperature (°C) is an indicator of the extent of matrix crosslinking. The 
higher the shrink temperature, the more crosslinked the material. Non-crosslinked, gamma- 
irradiated ICL has a shrink temperature of about 60.5 ± 1.0. In the preferred embodiment, an 
EDC crosslinked prostheses will preferably have a shrink temperature between about 64.0 ± 

10 0.2 °C to about 72.5 ± 1. 1 °C for devices that are crosslinked in 1 mM EDC to about 100 mM 
EDC in 50% acetone, respectively. 

The mechanical properties include mechanical integrity such that the prosthesis resists 
creep during bioremodeling, and additionally is pliable and suturable. The term "pliable" 
means good handling properties for ease in use in the clinic. 

15 The term "suturable" means that the mechanical properties of the layer include suture 

retention which permits needles and suture materials to pass through the prosthesis material at 
the time of suturing of the prosthesis to sections of native tissue. During suturing, such 
prostheses must not tear as a result of the tensile forces applied to them by the suture, nor 
should they tear when the suture is knotted. Suturability of the prostheses, i.e., the ability of 

20 prostheses to resist tearing while being sutured, is related to the intrinsic mechanical strength 
of the prosthesis material, the thickness of the graft, the tension applied to the suture, and the 
rate at which the knot is pulled closed. Suture retention for a highly crosslinked flat 6 layer 
prosthesis crosslinked in lOOmM EDC and 50% acetone is about 6.7 ± 1.6 N. Suture 
retention for a 2 layer prosthesis crosslinked in 1 mM EDC in water is about 3.7 N ± 0.5 N. 

25 The preferred lower suture retention strength is about 2N for a crosslinked flat 2 layer 
prosthesis as a surgeon's force in suturing is about 1.8 N. 

As used herein, the term "non-creeping" means that the biomechanical properties of 
the prosthesis impart durability so that the prosthesis is not stretched, distended, or expanded 
beyond normal limits after implantation. As is described below, total stretch of the implanted 

30 prosthesis of this invention is within acceptable limits. The prosthesis of this invention 
acquires a resistance to stretching as a function of post-implantation cellular bioremodeling by 
replacement of structural collagen by host cells at a faster rate than the loss of mechanical 
strength of the implanted materials due from biodegradation and remodeling. 
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The processed tissue material of the present invention is "semi-permeable," even 
though it has been layered and bonded. Semi-permeability permits the ingrowth of host celte 
for remodeling or for deposition of agents and components that would affect 
bioremodelability, cell ingrowth, adhesion prevention or promotion, or blood flow. The "non- 
5 porous" quality of the prosthesis prevents the passage of fluids intended to be retained by the 
implantation of the prosthesis. Conversely, pores may be formed in the prosthesis if a porous 
or perforated quality is required for an application of the prosthesis. 

The mechanical integrity of the prosthesis of this invention is also in its ability to be 
draped or folded, as well as the ability to cut or trim the prosthesis obtaining a clean edge 
10 without delaminating or fraying the edges of the construct. 

The following examples are provided to better explain the practice of the present 
invention and should not be interpreted in any way to limit the scope of the present invention. 
It will be appreciated that the device design in its composition, shape, and thickness is to be 
selected depending on the ultimate indication for the construct. Those skilled in the art will 
15 recognize that various modifications can be made to the methods described herein while not 
departing from the spirit and scope of the present invention. 

EXAMPLES 

Example 1: Chemical Cleaning of Mechanically Cleaned Porcine Small Intestine 
20 The small intestine of a pig was harvested and mechanically stripped, using a 

Bitterling gut cleaning machine (Nottingham, UK) which forcibly removes the fat, muscle 
and mucosal layers from the tunica submucosa using a combination of mechanical action and 
washing using water. The mechanical action can be described as a series of rollers that 
compress and strip away the successive layers from the tunica submucosa when the intact 
25 intestine is run between them. The tunica submucosa of the small intestine is comparatively 
harder and stiffer than the surrounding tissue, and the rollers squeeze the softer components 
from the submucosa. The result of the machine cleaning was such that the submucosal layer 
of the intestine solely remained. 

The remainder of the procedure, chemical cleaning according to International PCT 
30 Application No. WO 98/49969 to Abraham, et aL, was performed under aseptic conditions 
and at room temperature. The chemical solutions were all used at room temperature. The 
intestine was then cut lengthwise down the lumen and then cut into 15 cm sections. Material 
was weighed and placed into containers at a ratio of about 100: 1 v/v of solution to intestinal 
material. 
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A. To each container containing intestine was added approximately 1 L solution 
of 0.22 urn (micron) filter sterilized 100 mM ethylenediaminetetraacetic tetrasodium salt 
(EDTA)/10 mM sodium hydroxide (NaOH) solution. Containers were then placed on a 
shaker table for about 18 hours at about 200 rpm. After shaking, the EDTA/NaOH solution 

5 was removed from each bottle. 

B. To each container was then added approximately 1 L solution of 0.22 jim filter 
sterilized 1 M hydrochloric acid (HC1)/1 M sodium chloride (NaCl) solution. Containers 
were then placed on a shaker table for between about 6 to 8 hours at about 200 rpm. After 
shaking, the HCl/NaCl solution was removed from each container. 

10 C. To each container was then added approximately 1 L solution of 0.22 \xm filter 

sterilized 1 M sodium chloride (NaCl)/10 mM phosphate buffered saline (PBS). Containers 
were then placed on a shaker table for approximately 18 hours at 200 rpm. After shaking, the 
NaCl/PBS solution was removed from each container. 

D. To each container was then added approximately 1 L solution of 0.22 filter 
15 sterilized 10 mM PBS. Containers were then placed on a shaker table for about two hours at 

200 rpm. After shaking, the phosphate buffered saline was then removed from each 
container. 

E. Finally, to each container was then added approximately 1 L of 0.22 \xm filter 
sterilized water. Containers were then placed on a shaker table for about one hour at 200 rpm. 

20 After shaking, the water was then removed from each container. 

Processed ICL samples were cut and fixed for histological analyses. Hemotoxylin and 
eosin (H&E) and Masson's trichrome staining was performed on both cross-section and 
long-section samples of both control and treated tissues. Processed ICL tissue samples 
appeared free of cells and cellular debris while untreated control samples appeared normally 
25 and expectedly very cellular. 

Example 2: Comparative Study of Other Cleaning Treatments for Collagenous Tissue 
Other methods for disinfecting and sterilizing collagenous tissues described in US 
Patent No. 5,460,962 to Kemp were compared to similar methods described by Cook, et al. in 
International PCT application WO 98/22158. Examples 1, 2, and 3, from Kemp, in addition 
30 to a non-buffered peracetic acid method were done. 

Small intestines were harvested from 4 large pigs. Intestines were procured, the outer 
mesenteric layer was stripped, and the intestines were flushed with water. 

The study included seven conditions: Condition A was carried out according to the 
disclosure of Example 1 in Cook, et al. in International PCT Application WO 98/22158. 
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Condition B was a variation of A in that the intestinal material was mechanically cleaned 
before employing the disclosed chemical treatment. Conditions C, D, and E were carried out - 
according to the methods of Examples 1, 2, and 3 in U.S. Patent No. 5,460,962 to Kemp. In 
all conditions, a ten-to-one ratio of solution to material is used, that is, 100 g of tissue material 

5 is treated with 1 L of solution. 

A. Material from each of the 4 intestines were placed into separate bottles (n=5) 
containing a one liter solution of 0.2% peracetic acid in 5% ethanol (pH 2.56) and agitated on 
a shaker platform. After two hours of agitation, condition A was mechanically cleaned on the 
Bitterling gut cleaning machine. 

10 For the other six conditions, B through G, intestine was mechanically cleaned using 

the Bitterling gut cleaning machine prior to chemical treatment. After mechanical cleaning, 
representative pieces from the 4 intestines were placed into bottles containing solution for 
chemical treatment. Bottles were shaken 18 ± 2 hours on a platform. The remaining six 
conditions, B through G, were as follows: 

15 B. A one liter solution of 0.2% peracetic acid in 5% ethanol (pH 2.56) (n=5). 

C. A one liter solution of 0. 1 % peracetic acid in phosphate buffered saline (pH 7.2) 
(n=3). 

D. A one liter solution of 0. 1% peracetic acid and 1M sodium chloride (NaCl) (pH 

7.2) (n=3). 

20 E. A one liter solution of 0. 1 % peracetic acid and 1 M NaCl (pH 2.9) (n=3). 

F. One liter solution of "chemical cleaning" solutions as mentioned above in 
Example 1 (n=4). 

G. A one liter solution of 0. 1% peracetic acid in deionized water, buffered to pH 7.0 
(n=2). 

25 After chemical and mechanical treatments, all conditions were rinsed for a total of 4 

times with filtered sterile purified water. The mechanically and chemically treated material 
was grossly stained to examine cellular debris with Mayer's hematoxylin. Morphological 
assessment included Hematoxylin & Eosin, Masson's Trichrome, and Alizarin Red staining 
techniques. Histological results from the various treatments show that the method of 

30 condition A yielded a material where it was difficult to remove mucosal layers on Bitterling 

after chemical treatment. The material had to be run through Bitterling about an extra 10-12 

times. The material was very swollen at first and had a significantly large amount of cellular 

debris on surface and in the vasculature of the material. The method of condition B was also 

very swollen and also demonstrated a significantly large amount of cellular debris on surface 

15 


WO 99/63051 


PCT/US99/12400 


and in the vasculature of the material. The methods of conditions C and D yielded a non- 
swollen material having minimal cellular debris in vasculature. Condition E yielded a- 
material that was slightly swollen and contained minimal cellular debris in the vasculature. 

A DNA/RNA isolation kit (Amersham Life Sciences) was used to quantify the 
5 residual DNA/RNA contained in the cleaned tissues. The results are summarized in Table 1. 


Table 1: DNA/R 

NA Isolation kit Results (n 

I DNA/mg tissue) 

Condition 

A 

B 

C 

D 

E 

F 

G 

Average! 
Std. Dev. 

2.1610.32 

2.1±0.4 
8 

0.32±0.11 

1.92±0.28 

0.32±0.23 

0±0 

1.42±0.03 


Morphological analysis correlates with the DNA/RNA quantification to show that the 
cleaning regimens of conditions A and B result in a collagenous tissue matrix that remains 

10 highly cellular and contain residual DNA as a result. The cleaning methods of Kemp are 
much more effective for the removal of cells and cellular debris from collagenous tissue 
matrices. Finally, the chemical cleaning method of Condition F, described in International 
PCT Application No. WO 98/49969 to Abraham, et al. and outlined in Example 1, above, 
removes all cells and cellular debris and their DNA/RNA to a level undetectable by these 

15 methods. 

Example 3: Method for Fabricating a Multilayer ICL Construct. 
ICL processed according to the method of Example 1 was used to form a multilayer 
construct having 2 layers of ICL. A sterile sheet of porous polycarbonate (pore size, 
manufacturer) was laid down in the sterile field of a laminar flow cabinet. ICL was blotted 

20 with sterile TEXWIPES (LYM-TECH Scientific, Chicopee, MA) to absorb excess water from 
the material. ICL material was trimmed of its lymphatic tags from the abluminal side and 
then into pieces about 6 inches in length (approx. 15.2 cm). A first sheet of trimmed ICL was 
laid on the polycarbonate sheet, mucosal side down, manually removing any air bubbles, 
folds, and creases. A second sheet of trimmed ICL was laid on the top facing, or abluminal 

25 side, of the first sheet with the abluminal side of the second sheet contacting the abluminal 
side of the first sheet, again manually removing any air bubbles, folds, and creases. The 
polycarbonate sheet with the ICL layers was angled up with the ICL layers facing the 
oncoming airflow of the laminar flow cabinet. The layers were allowed to dry for about 18 ± 
2 hours in the cabinet at room temperature, approximately 20 °C. The dried layers of ICL 

30 were then peeled off the polycarbonate sheet together without separating or delaminating 
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them and were transferred to a room temperature waterbath for about 15 minutes to hydrate 
the layers. 

Chemical crosslinking solution of lOOmM EDC/50% Acetone was prepared 
immediately before crosslinking as EDC will lose its activity over time. The hydrated layers 

5 were then transferred to a shallow pan and the crosslinking agent gently decanted to the pan 
ensuring that the layers were both covered and free-floating and that no air bubbles were 
present under or within the constructs. The pan was covered and allowed to sit for about 18 ± 
2 hours in fume hood. The crosslinking solution was decanted and disposed. Constructs were 
rinsed in the pan three times with sterile water for about five minutes for each rinse. Using a 

10 scalpel and ruler, constructs were trimmed to the desired size. 

Constructs were decontaminated with sterile 0.1% peracetic acid (PA) treatment 
neutralized with sodium hydroxide ION NaOH according to US Patent No. 5,460,962,the 
disclosure of which is incorporated herein. Constructs were decontaminated in 1 L Nalge 
containers on a shaker platform for about 18 ± 2 hours. Constructs were then rinsed with 

15 three volumes of sterile water for 10 minutes each rinse and PA activity was monitored by 
Minncare strip testing to ensure its removal from the constructs. 

Constructs were then packaged in plastic bags using a vacuum sealer which were in 
turn placed in hermetic bags for gamma irradiation between 25.0 and 35.0 kGy. 

Example 4: Implant Studies Using Multilayer ICL Constructs 

20 New Zealand white rabbits were used for in vivo analysis and all procedures were 

performed in compliance with Animal Care and Use Committee (ACUC) guidelines. A fall 
thickness defect of approximately two inches was created through the rectus abdominis 
muscle in each animal and then was repaired with a 6 layer patch prosthesis. Patches were 
removed at 30, 66, 99 and 180 days post-implant. Three rabbits were sacrificed at each time 

25 point and examined for any evidence of herniation, swelling, infection or adhesions. 
Explanted patches were fixed in formalin and stained with hematoxylin and eosin or alizarin 
red for histologic evaluation of cell infiltration, inflammatory response and calcification. In 
some cases, unfixed patches were evaluated to determine the effect of implantation on the 
mechanical characteristics using uniaxial MTS analysis. 

30 All animals underwent an uneventful post-operative course with no swelling, 

herniation or inflammation at the repair site of the abdominal wall. At the time of the 
explant, the inner surface of the patch was covered with a glistening tissue layer that appeared 
to be continuous with the parietal peritoneum. In one animal explanted after 30 days, a grade 
one adhesion to the explanted abdominal viscera was seen and appeared to be associated with 
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the suture line rather than the implant itself. Neovascularization of the peritoneal surface of 
the patches was observed at all time points. 

Within 30 days, the peritoneal surface of the patch was covered with mesothelium. 
Inflammatory cells typical of a foreign body response were present throughout the explant but 
5 more prevalent at the periphery of the patch. The inflammatory cells consisted mostly of 
macrophages and multinucleated giant cells with fewer lymphocytes, heterophils and 
fibroblasts. After implantation for 66 days, the histology was similar but with fewer 
inflammatory cells. In addition, the patches had begun to incorporate into the native 
abdominal wall tissue. At 99 and 180 days, infiltration of host fibroblasts was apparent by 

10 hematoxylin and eosin staining and by Masson trichrome staining. Alizarin red staining for 
calcium showed that there was no evidence of calcification in the patch material. Small focal 
areas of calcification were associated with the suture material. 

Mechanical Testing was performed at the time of explant to determine the ultimate 
tensile strength (UTS) of the construct. Briefly, the tissue was excised leaving approximately 

15 1 inch of surrounding tissue from the edges of the construct. The surrounding tissue at 
opposite ends of the construct was then gripped and pulled to failure in uniaxial tension at a 
constant strain rate of 0.013 s" 1 using a servohydraullic MTS testing system with TestStar-SX 
software. The UTS was then calculated from the peak force. All failures occurred within the 
tissue region of the testing specimens, suggesting that the construct was equal to or stronger 

20 than surrounding tissue, was well integrated into surrounding tissue, and maintained sufficient 
strength in its performance as a hernia repair patch. 

The combination of mechanical properties and potential for good integration into the 
host tissue make the ICL a promising material for soft tissue repair. These studies have 
shown that the formation of adhesions is minimal and there is no indication of calcification in 

25 the patches. Preliminary analysis of the mechanical characteristics suggests that this collagen 
construct can maintain the necessary strength while remodeling and incorporating into the 
surrounding tissue. This ability of the patch to remodel provides an advantage over prosthetic 
materials that do not integrate well into the surrounding tissue. 

Example 5: Mechanical testing techniques and properties of Multilayer ICL Prostheses 

30 Preferred embodiments of multilayer ICL patch constructs formed by the method of 

Example 3, including gamma irradiation were tested. Constructs of 2, 4, and 6 layers of ICL 

crosslinked with 100 mM EDC in 50% Acetone (100/50) and 6 layer constructs with 

crosslinked with 7 mM EDC/90% acetone v/v in water (7/90) and 1 mM EDC in water (1/0) 

were evaluated along a number of measures. Results are summarized in Table 2. 
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Tensile failure testing was performed using a servohydraullic MTS testing system with 
TestStar-SX software. Strips 1.25 cm in width were pulled to failure in uniaxial tension at a. 

constant strain rate of 0.013 s" 1 . The slope of the linear region (Ey) and the ultimate tensile 

strength (UTS) were calculated from the stress strain curves. 
5 The adhesion strength between the layers was tested using a standard protocol for the 

testing of adhesives (ASTM D 1876-95). The adhesion strength is the average force required 

to peel apart two layers of laminated ICL at a constant velocity of 0.5 cm/sec. 

A differential scanning calorimeter was used to measure the heat flow to and from a 

sample under thermally controlled conditions. The shrink temperature was defined as the 
10 onset temperature of the denaturation peak in the temperature-energy plot. Suture retention 

was not performed on 2 or 4 layer constructs cross-linked in 100 mM EDC and 50% acetone 

since the suture retention (3.7N ± 0.5 N) for a 2 layer construct cross-linked in i mM EDC 

and no acetone (much less cross-linked) was well above the 2 N minimum specification. 

Lamination strength between ICL layers and shrinkage temperature are dependent on the 
15 crosslinking concentration and the addition of acetone rather than the number of layers in a 

construct. 


Table 2: Mechanical Properties of Multilayer Id 

L Constructs 

Mechanical 
Analysis 

2 Layer 
100/50 

4 Layer 
100/50 

6 Layer 
100/50 

6 Layer 
7/90 

6 Layer 
1/0 

Ultimate Tensile 
Strength (N/mm) 

0.6 ±0.1 

3.1 ±0.2 

2.0 ±0.2 

2.7 ±0.2 

1.3 ±0.4 

Young's Modulus 
(MPa) 

38.0 + 5.8 

49.5 ±4.0 

35.9 ±2.6 

43.0 ±1.2 

14.5 ±7.8 

Lamination 
Strength (N/m) 

39.7 + 6.1 



63.1 ±24.4 

8.1 ±2.1 

Suture Retention 
(N) 

not tested 

not tested 

6.6 ±1.6 

10.6 ±2.2 

10.9 ±2.8 

Shrink Temperature 
(°C) 

72.5 ±1.1 



69.5+0.1 

64.0 ±0.2 


Although the foregoing invention has been described in some detail by way of 
illustration and example for purposes of clarity and understanding, it will be obvious to one of 
20 skill in the art that certain changes and modifications may be practiced within the scope of the 
appended claims. 
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WE CLAIM: 

1. A prosthesis comprising two or more superimposed, chemically bonded layers- 
of processed tissue material which, when implanted into a mammalian patient, undergoes 
controlled biodegradation occurring with adequate living cell replacement such that the 

5 original implanted prosthesis is remodeled by the patient's living cells. 

2. A prosthesis comprising two or more superimposed, chemically bonded layers 
of processed tunica submucosa of small intestine which, when implanted into a mammalian 
patient, undergoes controlled biodegradation occurring with adequate living cell replacement 
such that the original implanted prosthesis is remodeled by the patient's living cells. 

10 3. The prosthesis of claim 2 wherein said prosthesis is chemically bonded with 

the crosslinking agent l-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride. 

4. The method of preparing a prosthesis having two or more superimposed, 
bonded layers of processed tissue matrix, comprising: 

(a) layering two or more sheets of hydrated processed tissue layers; 
15 (b) dehydrating said tissue layers to adhere the layers together; 

(c) crosslinking said tissue layers with a crosslinking agent to bond the layers 
together; and, 

(d) rinsing said layers to remove the crosslinking agent; 

wherein said thus formed prosthesis when implanted into a mammalian patient, 
20 undergoes controlled biodegradation occurring with adequate living cell replacement such 
that the original implanted prosthesis is remodeled by the patient's living cells. 

5. The method of claim 4 wherein said processed tissue matrix is derived from 
the tunica submucosa of the small intestine. 

6. The method of claim 5 wherein the tunica submucosa is essentially acellular 
25 telopeptide collagen. 

7. A method of repairing or replacing a damaged tissue comprising implanting a 
prosthesis in a patient comprising two or more superimposed, bonded layers of collagen 
material which, when implanted into a mammalian patient, undergoes controlled 
biodegradation occurring with adequate living cell replacement such that the original 

30 implanted prosthesis is remodeled by the patient's living cells. 

8. The method of claim 7 wherein the prosthesis is a hernia repair patch, a 
pericardial patch, a bladder sling, a uterus sling, intra-cardiac patch, replacement heart valve 
or a vascular patch. 


20 


WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(51) International Patent Classification 6 : 
A61F2/06 


A3 


(11) International Publication Number: WO 99/63051 

(43) International Publication Date: 9 December 1999 (09.12.99) 


(21) International Application Number: PCT/US99/ 12400 

(22) Internationa] Filing Date: 4 June 1999 (04.06.99) 


(30) Priority Data: 

60/088,198 
60/120,547 


5 June 1998 (05.06.98) US 
17 February 1999 (17.02.99) US 


(71) Applicant (for all designated States except US): ORGANO- 

GENESIS INC. [US/US]; 150 Dan Road, Canton, MA 
02021 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): ABRAHAM, Ginger, A. 
[US/US]; 62 Lake Street, Braintree, MA 02184 (US). 
MURRAY, James [US/US]; 122 Rock Street, Whitman, 
MA 02382 (US). BACHRACH, Nathaniel, M. [US/US]; 95 
Colbome Road, Brighton, MA 02135 (US). 

(74) Agents: BAKER, Hollie, L. et al.; Hale and Dorr LLP, 60 State 
Street, Boston, MA 02109 (US). 


(81) Designated States: AU, CA, CN, CZ, IN, JP, MX, NO, NZ 
US, European patent (AT, BE, CH, CY, DE, DK, ES, FI,' 
FR, GB, GR, IE, IT, LU, MC, NL, PT, SE). 

Published 

With international search report 

Before the expiration of the time limit for amending the claims 
and to be republished in the event of the receipt of amendments. 

(88) Date of publication of the international search report: 

27 January 2000 (27.01.00) 


(54) Title: BIOENGINEERED FLAT SHEET GRAFT PROSTHESES ~~ "~ 

(57) Abstract 

The invention is directed to bioengineered graft prostheses made from two or more superimposed, chemically bonded layers of 
processed tissue material prepared from cleaned tissue material derived from animal sources. The bioengineered graft prostheses of the 
invention are prepared using methods that preserve cell compatibility, strength, and bioremodelabiiity of the processed tissue matrix. The 
bioengineered graft prostheses are used for implantation, repair, or for use in a mammalian host 


FOR THE PURPOSES OF INFORMATION ONLY 


Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 


AL 

Albania 

ES 

Spam 

LS 

Lesotho 

SI 

Slovenia 

AM 

Armenia 

FI 

Finland 

LT 

Lithuania 

SK 

Slovakia 

AT 

Austria 

FR 

France 

LU 

Luxembourg 

SN 

Senegal 

AU 

Australia 

GA 

Gabon 

LV 

Latvia 

SZ 

Swaziland 

AZ 

Azerbaijan 

GB 

United Kingdom 

MC 

Monaco 

TD 

Chad 

BA 

Bosnia and Herzegovina 

GE 

Georgia 

MD 

Republic of Moldova 

TG 

Togo 

BB 

Barbados 

GH 

Ghana 

MG 

Madagascar 

TJ 

Tajikistan 

BE 

Belgium 

GN 

Guinea 

MK 

The former Yugoslav 

TM 

Turkmenistan 

BF 

Burkina Faso 

GR 

Greece 


Republic of Macedonia 

TR 

Turkey 

BG 

Bulgaria 

HU 

Hungary 

ML 

Mali 

TT 

Trinidad and Tobago 

BJ 

Benin 

IE 

Ireland 

MN 

Mongolia 

UA 

Ukraine 

BR 

Brazil 

IL 

Israel 

MR 

Mauritania 

UG 

Uganda 

BY 

Belarus 

IS 

Iceland 

MW 

Malawi 

US 

United States of America 

CA 

Canada 

IT 

Italy 

MX 

Mexico 

UZ 

Uzbekistan 

CF 

Central African Republic 

JP 

Japan 

NE 

Niger 

VN 

Viet Nam 

CG 

Congo 

KE 

Kenya 

NL 

Netherlands 

YU 

Yugoslavia 

CH 

Switzerland 

KG 

Kyrgyzstan 

NO 

Norway 

ZW 

Zimbabwe 

CI 

Cote d'lvoire 

KP 

Democratic People's 

NZ 

New Zealand 



CM 

Cameroon 


Republic of Korea 

PL 

Poland 



CN 

China 

KR 

Republic of Korea 

PT 

Portugal 



cu 

Cuba 

KZ 

Kazakstan 

RO 

Romania 



cz 

Czech Republic 

LC 

Sainl Lucia 

RU 

Russian Federation 



DE 

Germany 

LI 

Liechtenstein 

SD 

Sudan 



DK 

Denmark 

LK 

Sri Lanka 

SE 

Sweden 



EE 

Estonia 

LR 

Liberia 

SG 

Singapore 




INTERNATIONAL SEARCH REPORT 


Internationa! application No. 
PCT/US99/ 12400 


A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :A61F 2/06 
USCL 623/1 1 

According to International Patent Classification (IPC) or to both national classification and IPC 

a FIELDS SEARCHED — 

Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 264/512; 623/1, 11 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category * 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A,P 


US 5,733,337 A (CARR, JR. et al.) 31 March 1998, entire 
document. 

US 5,824,063 A (COX) 20 October 1998, Abstract. 


1-8 


1-8 


[ Further documents are listed in the continuation of Box C. | [ See patent family annex. 


Special categories of cited documents: 

document defining the genera] state of the art which is not considered 
to be of particular relevance 

E* earlier document published on or after the international fifing date 

L' document which may throw doubts on priority claim (s) or which is 

cited to establish the publication date of another citation or other 
special reason (as specified) 

O* document referring to an oral disclosure, use, exhibition or other 

means 

P" document published prior to the international filing date but later than 

the priority date claimed 


later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other luch documents, such combination 
being obvious to a person skilled in the ul 

document member of the same patent family 


Date of the actual completion of the international search 
09 SEPTEMBER 1999 

Date of mailing of the international search report 

30 NOV 1999 

Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D C. 20231 
Facsimile No. (703) 305-3230 

AuuWized officer , y^^ 1 ^ — C_ 

MATTHEW KISER 
Telephone No. (703) 306-5512 


Form PCT/ISA/210 (second sheetXJuly 1992)* 


